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S1 Trigonometrical equations for the identification of ship emission plume sources
This section refers to the calculations described in Sect. 2.3 of the main text.
S1.1 Regular case

Kommandor
Iona ( ) and vessel course ( )) towards the intersection point (here: theoretical emission site) have to be given in order to determine the sought intersection point according to Eqs. (S2) to (S12). It has to be mentioned that the bearing between the Kommador Iona and the theoretical emission site ( ) equals the angle value of the average wind direction.
1. Calculation of the average wind direction according to directional statistics (Mardia and Jupp, 2000) : 
where θ wind is the wind direction over ground, wind the wind speed over ground and the -th wind data point and the number of wind data points within the averaging interval. 15 2. Determination of the theoretical emission site according to nautical equations (Veness, 2019) with all angles in radian; if not otherwise stated, angles describe positions on the globe: i.
Calculation of the angular distance (δ) between the ship (SP) and the Kommandor Iona (KI) positions using the geographic longitudes (LON) and latitudes (LAT) of both positions: 20
[√ ].
ii. Calculation of the bearing ( θ ) between the ship and the Kommandor Iona as well as between the Kommandor Iona and the ship using the geographic longitudes and latitudes of both positions and the angular distance given in Eq. (S2) and (S3):
iii. Calculation of the angles (α) of the triangle spanned by the position of the ship, the position of the Kommandor Iona and the theoretical emission site (ES). The angle at the position of the ship (α SP ; or at the Kommandor Iona (α KI )) is calculated using the bearing which is given in Eqs. (S4) and (S6) (or in Eqs.
(S5) and (S6)) and the vessel course (θ SP ES ; or the average wind direction). The angle at the theoretical 10 emission site (α ES ) is calculated using the angles at the position of the ship and at the Kommandor Iona as well as the angular distance given in Eqs. (S2) and (S3):
15 iv. Calculation of the angular distance between the ship position and the theoretical emission site using the angles given in Eqs. (S7) to (S9) as well as the angular distance given in Eqs. (S2) and (S3):
v.
Calculation of the position of the theoretical emission site using the geographic latitude of the ship position, using the vessel course and using the angular distance given in Eq. (S10): 20
3. Calculation of the geographic distance between two positions using the Haversine formula (Veness, 2019) :
25
where is the geographic distance between two positions and the earth radius of 6 371 km (Veness, 2019) . is given in Eq. (S2). 1. In case of a stationary vessel ( ship ~ 0 m s -1 ) as emission source the average wind direction was parallel to the bearing starting from the vessel towards the measurement location (see Fig. S2 (a) ), whereas the bearing was calculated in analogy to Eqs. (S4) and (S6).
S1.2 Exceptional cases
2. In case of low wind velocities ( wind ~ 0 m s -1 ) we expect the emission plume to have been spread along the vessel 10 track as the wind did not significantly transport the plume. In case the Kommandor Iona crossed the other vessel's track at the measurement time under low wind velocity conditions (see Fig. S2 (b)) (visual decision), the listed steps were followed: i.
Determination of the time difference between the measurement time and time of the AIS record. The time difference is considered positive for an AIS record earlier than the measurement time and otherwise 15 negative.
ii.
Calculation of the distance the vessel covers during the time given in 2.i. using the vessel speed. The distance is considered negative for a negative and positive for a positive time difference.
iii. Calculation of the ship position at the measurement time by analogy to Eqs. (S11) and (S12) using the AIS position, the absolute value of the distance given in 2.ii. (the angular distance equals the ratio between the 20 distance and the earth radius) and the ship course in case of a positive distance (the anti-parallel ship course in case of a negative distance).
iv.
The considered vessel caused the measured ship emission event, if it was at the measurement location 3. In case of (anti-)parallel wind direction and vessel course and the Kommandor Iona crossing the other vessel's track at the measurement time (see Fig. S2 (c)) (visual decision) the listed steps were followed:
i. Calculation of the position at the measurement time in analogy to steps 2.i. to 2.iii.
ii. Calculation of the distance between the measurement site and the ship position at the measurement time (KI SP′ ̅̅̅̅̅̅̅̅ ) in analogy to Eqs. (S2) and (S13). The emission site equals one of the following three, if the 5 conditions are fulfilled.
iii.
The emission site was between both vessel positions (see ES2 in Fig. S2 (c) ), if the other ship was upwind as well as if the wind direction and ship course were antiparallel because the emission occurred earlier than its detection. Considering that the wind requires the same time ( ) to travel the distance between the emission site and the Kommandor Iona (KI ES ̅̅̅̅̅̅̅ ) as the ship needs to cover the distance between the 10 emission site and the ship position at the measurement time (ES SP′ ̅̅̅̅̅̅̅̅ ), the unknown distance KI ES ̅̅̅̅̅̅̅ was calculated according to Eqs. (S14) and (S15) using the ship ( ship ) and the average wind velocity ( ̅ wind ).
iv.
The emission site was beyond the other vessel (see ES1 in Fig. S2 (c) ), if the ship course and wind 15 direction were parallel and directed towards the Kommandor Iona and if the wind velocity was higher than the ship velocity. Calculations followed Eqs. (S14) and (S16).
The emission site was beyond the Kommandor Iona (see ES3 in Fig. S2 (c) ), if the ship course and wind direction were parallel and directed away from the Kommandor Iona and if the wind velocity was lower 20 than the ship velocity. Calculations followed Eq. (S14) and (S17). 
